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TNTRODUCTION
Most enforcement cases involving our laboratory deal with the
identification
of a blood stain or meat sample which is suspected to be
deer.
Determining whether it is, indeed, from deer is not difficult.
But, if the sample is not deer, exact identification
can prove to be a
more time consuming and tedious process.
To eliminate the need to
obtain antiserum for each individual species and aid identification,
we
undertook an investigation on which species and the extent to which
several species may cross react with antisera of some common birds and
mammals, especially deer.
Deer, cow, and raccoon were selected as the
basic mammalian species, while chicken and mallard duck were selected
for birds.
Selection of chicken and bovine antisera was influenced by
thei r commerci a1 ava i1abil ity. We hoped to make it poss ib1e for other
lab0ratories
to duplicate some or our patterns, but antisera was found
to differ from lot to lot even when purchased from the same serum
supply compa.ny. Titer differences were also observed in our own antisera
from one bleeding period to another.

i
I
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SAMPLE COLLECTION

r

The number and variety of specimens needed for this study made it
impossible to keep our means of obtaining samples consistent.
Common
domestic animals were no problem, since samples could be obtained from
either a local slaughter house or from a veterinarian.
Nondomestic
animals were more difficult.
Specimens obtained by live trapping were
preferred, but road kills and injured or sick animals were used when
necessary.
Blood was collected by heart puncture or from the jugular.
Part
of the whole blood was poured on a glass slide, allowed to air dry,
placed in clean glass vials, and stored at -10°C.
The remainder 'of the
blood was allowed to coagulate overnight at 5°C. Then it was centrifuged,
serum was drawn off, placed in a clean glass vial, and stored at -10°C.
Meat samples were taken from the breast for birds and the hind leg for
mammals. They were then placed in plastic bags and stored -5°C.
DOUBLE

DIFFUSION

Some basic considerations
Part 1 (Oates et al. 1974).

of this technique were pointed out in

Reactions of identity were mentioned briefly, as were the effects
of diffusion rates and concentration.
Hayward and Augustin (1957)
used double diffusion in an attempt to quantitatively estimate concentration of selected antigens.
Their results exemplify, in a simplified
form, the effect of concentration upon double diffusion patterns
(Figure 1).
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Figure 1. Illustration of the polygon plate method for quantification (Hayward and Augustin, 1957).
Formation of a regular polygon
indicates equivalent concentration of standard and unknown (a).
Effects of decreasing concentration of the unknown antigen are represented in (b) and (c) respectively.
It should be noted that the rate
of diffusion is directly related to changes in concentration.
Related species can have severdl common or related antigens which
may vary in concentration.
When (a), (b), and (c) are visualized
superimposed upon one another, identification of reactions of non-
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identity could be difficult for a "false spur" could occur.
differences in concentration alone may be enough to indicate
unknown and the known are not the same.

These
that the

Figure l(c) is a simplification of how a cross reaction pattern
between non-related species could appear.
In theory there could be as
many immuno diffusion bands as immunoelectrophoresis
arcs.
However,
many bands may be obscured, because of the small distance between the
antigen and antibody wells, similar diffusion ratios of various
antigens, and the relative concentration of these antigens.
The more
simplified patterns of dry blood and meat actually make them more convenient to analyze by immunodiffusion than serum.
This is fortunate,
since most law enforcement cases involve blood stain or meat identification.
Diffusion patterns are also affected by the relative diffusion
ratio of antigens and antibodies.
Similar diffusion ratios lead to
the formation of a straight line between the antigen and antibody
well.
Dissimilar diffusion ratios will lead to curvature of the band
toward the well containing the slower diffusing agent (Crowle 1973).
See Figure 2 .
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Figure 2. Curvature occurs when antigen ana antibody diffusion
rates differ (related to molecular weight and shape).
In diagram (a)
antigen and antibody are present in equivalent concentrations but with
the antigen diffusing faster than the antibody.
This curvature may
even be accentuated if antigen is in excess (b). Diagram (c) and (d)
i~lustrate effects when antibody has faster diffusion rate than antigen
and when antibody is in excess.
Temperature also influences diffusion patterns, since it can
affect the amount of precipitation and the clarity of the precipitin
band. Precipitation tends to be more complete, with well-defined
bands, at cooler temperatures (Crowle 1961).
Patterns can also be affected by the presence of nonprecipitating
antigens or antibodies and lipids (Crowle 1961).
This
phenomenon was evident in our laboratory when we attempted to identify
a liver sample. Essentially no pattern was obtained, and it appeared
that some constituent had actually blocked the diffusion of the antigens.
Fortunately,
the entire liver was available along with a small portion
of attached muscle tissue, this tissue was easily identified as deer.
Toluene extraction for lipid removal should make it possible to identify
liver samples (Manlove et al. 1975).
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IMMUNOELECTROPHORESIS
The nomenclature of Tiselius (1937) utilizing Greek letters and
comparing protein components to human serum proteins will be used in
this publication.
Proteins will therefore be classified according to
their electrophoretic mobility.
This mobility is directly related to
the physical characteristics
of the protein molecule (size and shape)
and its electrical charge in the barbital buffer.
In theory, these protein molecules would be negatively charged
and migrate towards the anode in an electric field.
However, a phenomenon
known as endosmosis (which is extremely prominant in agar gels) might
cause one to believe that some molecules are migrating towards the
cathode.
The combination of these two phenomena enhances protein
separation with the rho, albumin, and alpha fractions migrating toward
the anode; the beta and gamma fractions are found cathodic to the
sample origin due to endosmosis.
See Figure 3.
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Figure 3. Distribution of serum proteins in a hypothetical
electrophoretogram.
Apex of arc is usually found within the area
designated by cross-method boxes with ends of arcs bounded by dashed
lines.
PROTEINS

\

t

Rho Proteins
The fastest migrating proteins, known as rho proteins or prealbumins, usually appear in the form of a narrow curved line preceeding
albumin.
A slower migrating protein has been observed which forms an
almost straight line.
In starch gels Cummings (1972) noted several
pre-albumins in deer, if a very acidic gel was utilized.
He also
stated that pre-albumins may not be useful for law enforcement work
due to storage instability.
These proteins were often observed in our
cross-reaction patterns and appeared most frequently in avian species.
This component most likely comprises less than 5 percent of the total
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serum protein.
This factor along with its possible storage instability
and accentuated separation in acidic gels may explain why they may not
always be readily observable in barbital buffered agar gels.
Albumin
Albumin is the fastest migrating major constituent in serum and
may represent 50 percent or more of the total serum protein.
This
protein commonly cross-reacted with our avian antisera.
Mammals also
displayed an albumin arc, if the antiserum was from a closely related
species.
The albumin arc is usually thick, especially when rabbit
produced antiserum is employed (Grabar and Burtin, 1964).
This arc
tends to extend into the alpha globulin region and may obscure some of
the arcs in that areao
Alpha

j

f

!

Globulins

The alpha globulins, for the most part, are less mobile than rho
proteins or albumin.
Arcs formed by alpha globulins are usually
situated between sample origin and the albumin arc.
Mobilities vary,
since some proteins appear not to migrate at all while others have
mobility approaching that of albumin.
These proteins have been subdivided
into aois, al is, and a2is with the ao1s being the most mobile.
Alpha
globulins may represent approximately 20 percent of the total serum
protein.
Although they may not be present in high concentration,
some
are highly antigenic and a good antibody titer may be produced to them
(Grabar and Burtin, 1964)0 An alpha protein is one of the least species
specific proteins (Scheiffarth et ale 1957).
Numerous arcs may occur
in the alpha region making enumeration difficult.
Parallel arcs are
not uncommon nor are arcs found close to the antiserum trough.
Difficulties in enumeration arise due to the precipitin arc being overlapped
by albumin, alpha globulins, beta globulins, and even gamma globulin.
Obscuring is also caused by incomplete removal of nonprecipitated
proteins.
To make things even more confusing, Cummings (1972) has
reported numerical differences of this protein in deer from the California
coast and those from the Sierras.
Therefore, there may be individual
differences
in this protein within a species.
Beta Globulins

I

i

Beta globulins, which may represent 15 percent of the serum
protein, are found between the sample origin and gamma globulin.
These arcs may also be difficult to distinguish for the same reasons
as for the alpha globulins, except that albumin should not interfere.
Some of the most common beta globulins are the transferrins.
These
iron-binding
proteins exhibit polymorphism and may vary from animal to
animal within the same specieso
In starch gel (Cummings, 1972) they
are considered
the most interesting from a law enforcement or game
management
point of view. Gene pool analysis is considered possible
for game management, and transferrin differences may statistically
match an individual animal to a blood stain.
Gamma Globulins

I

These

proteins

may comprise

about 25 percent
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of the serum

protein.
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In this study, usually only one uniquely shaped arc was observedo
The
bancl was long and skewed because of electrophoretic
mobility attributed
to a smoothly changing series of electrophoretically
clifferent molecular
species (Crowle, 1961).
This arc may well extend into the alpha
region where it is straight and distinct (Grabar and Burtin, 1964).
In deer, Cummings (1972) observed irregular numbers and distribution an~ considered them valuable as a fingerprinting
tool 0
FACTORS

AFFECTING

PROTEIN

I

i
I

PATTERNS
1

Protein patterns may not illustrate the maximum number of protein
arcs or bands possible for each species.
These patterns may be
influenced by various factors in addition to the physical and chemical
parameters controlling diffusion and electrophoresis
(Oates et al.,

f

1974) .
The single most important factor is antiserum, which is difficult
to standardize since it ;s a biological product.
Antiserum can differ
not only with the species selected as the host, but also with individuals
within a species.
In fact, IIIndividual rabbits vary in their response
to antigens, and litter-mate animals subjected to identical injection
schedules with the same antigen mixture may give antisera with quite
different characteristicsll (Wright, 1974).
Recommendations
call for using up to 10 rabbits to insure at
least one or two good antisera.
This was not possible in our case,
since facilities are limited.
To further complicate matters, antiserum
from the same indi vidua 1 can vary from (:me sampli ng peri od to anothero
A rabbit given an excessive dose of antigens can become hypersensitive,
and the antibodies produced are therefore less specific,
Other specificity problems can occur when rabbits are used to
produce antisera to birds.
Rabbit antisera displays less specificity
than bird-produced
antisera (Tempel is and Reeves, 1962).
In addition,
in a study concerning production of antibodies to egg white protein,
rabbits were shown to have produced antibodies only to the minor
components which comprised only 8 percent of the total protein (Wetter
et aI., 1952).
A dubious pattern might be observed, if an antiserum contains an
antibody excess to a specific antigen or vice versa,
This phenomenon
has been noted in serum samples where an albumin arc was present in
the dried blood or tissue extract patterns but not in the serum pattern,
The absence of this expected arc may be attributed to precipitation of
the antigen antibody complex in the antibody trough,
Biological factors can exhibit a less controllable effect upon
these protein patterns.
Proteins can be expected to vary within a
species (VanTets et al., 1966; Cowan and Johnston, 1962 and Bandy et
al., 1957).
Other variations may be due to sex (Cowan and Johnston,
1962), state of health, geographic location (Cowan and Johnston, 1962
and Cummings, 1972), time of year (Cowan and Johnston, 1962 and Cummings,
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1972), or stress which may arise when the sample is collected
and Johnston, 1962; Seal et al., 1972 and Chapman and Morgan,

(Cowan
1973).

Samples used for law enforcement purposes introduce even more
factors.
In such cases, the history of the sample can be very important,
since samples are usually subjected to less than ideal laboratory
conditions.
For example, Warm, moist samples could be attacked by mold or
other bacterial action.
The longer such conditions exist the more
effect they have on protein patterns, since there can be a change
in the number or concentration
of certain proteins.
These protein
changes allowed Cummings (1972) to age dry exposed bloodstains up to
a period of about two months.
He also believed that with adequate
study, even frozen samples could be aged.

f

{

I
I
I

Freeze-drying
is probably the best non-chemical means of sample
preservation.
Freezing or refrigeration were commonly employed
in our laboratory.
Fresh samples collected in the field by officers
were usually frozen and delivered to the laboratory within a couple of
days after collection.
No chemical means of preservation were used.
Rapid-drying
can 'also be used for sample preservation, and frequently
a smear could be taken of a fresh blood sample and allowed to dry.
Cummings (1972) recommended a chemical means of preservation in the
field, suggesting that officers could carry a small amount of 2phenoxyethanol
and then add enough water to make a 2 percent solution.
This preservative was adequate for the preservation of fresh blood and
meat samples for several weeks without refrigeration, with no evident
difference from a fresh sample in either proteins or enzymes.
PROCEDURES
Oates et al. (1974) covered materials used and general laboratory
procedures for immuno diffusion and immunoelectrophoresis.
Sample
preparation was not covered in detail at that time.
Most samples
received into our laboratory are blood (usually in the dry form) or
meat.

I
Blood Samples
1

I
I
I

Blood has been received on a variety of items such as:
Knives,
burlap bags, shirts, trunk linings, spare tires, soil, dog hair, and
newspapers.
Many samples were scrapings, placed in an envelope or
vial, or a smear on a piece of paper.
Often, hair is found in conjunction with the blood which may help in the identification
of the suspected
species.
Manuals by Adorjan and Kolenosky (1969) and Moore et al.
(1974) are used along with a reference collection for hair identification.
Sample sizes vary from less than a milligram to several grams.
A
small sample limits the number of immuno tests that can be conducted,
therefore routine electrophoretic
analyses using cellulose acetate,
starch or acrylamide gels may be more desirable methods for identification.
A five to ten milligram sample is sufficent to run several
-13-
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immuno tests with replicates.
If sample size permits,
usually run for law enforcement cases.

triplicates

are

If the sample is a scraping, part (about 5 to 10 milligrams) is
placed in a clean glass vial.
Approximately 0.25 milliliters of distil led
water or physiological
saline (0.85% NaCl) is added to dissolve the
sample.
Physiological
saline is generally used in this laboratory
with dissolution aided by the use of an ultrasonic cleaner.
Ice cubes
are added as necessary to prevent thermal denaturization
or the proteins.
Standards are prepared in a similar manner in an attempt to duplicate
the concentration of the unknown.
Stains may require a more careful procedure especially if the
stained item may not be damaged.
Scrapings may be obtained from some
stains.
If the stained material may be altered, a small portion
containing the stain can be cut out.
Then, the stain is removed from
the support material by using physiological saline in conjunction with
an ultrasonic cleaner.
Stains can be lifted without damage to the
stained item by wetting the stain and collecting the resulting solution
with an absorbent material (filter paper, etc.).
Some samples are received already in solution.
One such was
blood-stained snow.
The snow was melted and the sample analyzed
without further treatment.
In another instance, the lab received a
half-gallon of creek water with a faint pink color.
At first, this
sample was too diluted to identify, but the addition of riced polyacrylamide gel Iswelljel1"
(see Appendix) concentrated it enough to identify
bovine blood.
Meat Samples

1973;

Certain structural features are characteristic
of a species, and
bone development can be used to differentiate between juvenile and adult
animals.
Bones have been used in several cases to verify tissue identification.
Meat samples are prepared by cutting a one to two-gram portion of
frozen meat into small pieces.
When possible, freezer-burned
portions
of a sample are avoided.
Pieces are blended in a refrigerated tissue
grinding tube with approximately 0025 milliliters of physiological
saline (avian species generally required more saline than mammals).
Suspended materials are precipitated in a refrigerated centrifuge~ and
the resulting supernatant is used for analysiso
In the analysis of
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Meat samples are usually larger than dry blood samples, since
they are often packages confiscated from a freezer.
If the package
contains deer meat, there is a good possibility that deer hair will also
be present.
Hair could also be found in packages of pork or beef
processed at home.
Feathers may be present, if an avian species is
involved,
Bones are also useful in species identification
(Gilbert,
Lawrence, 1951; Sisson and Grossman, 1953; and Olsen, 1964).

1

I
\

ground meat, muscle tissue is randomly separated from fatty tissue and
handled as above,
Hair is sometimes present but usually fragmented.
Glass slides are marked with a diamond-tip pen and then coated with
For immunoion-agaro The appropriate pattern is cut and wells removed 0
el~ctrophoresis,
the standards are always placed in the well on the left
side of the trough and the sample to be tested in the right-hand sideo
Serum 1s compared to serum, dried blood extract to dry blood
extract, and meat extract to meat extract.
All antisera are prepared
with serum from each species.
Immunodiffusion wells are filled alternately, starting with the known standard in the upper left-hand corner.
With dilute dried blood or tissue extracts, wells are often filled
twicee
Antiserum is placed in the central well.
After adding antiserum
to the trough for immunoelectrophoresis
and the central well for immunodiffusion, diffusion is allowed to occur for 24 hourso
Slides are then
dried while covered with bibulous paper, placed in a physiological
saline bath for two days, rinsed with distilled water, and stained with
amido black lOB.
Destalning was initially carried out with a regular
destaining solution (Oates et al., 1974).
This solution was later
cleaned wtih activated charcoal for reuseo
Excess stain can also be found to be satisfactorily
removed by a
simple water bathe
Slides are placed in special slide holders, so they
stand upright in a container,
The container is placed in a sink with
water entering through tygon tubing placed in the bottom,
Water and
unbound stain are allowed to overflow into the sinko
Then, the slides
are dried and photographed.
Preparation

for Printing

Once the slides are dry, they are sent to the print shope
There,
negatives for offset printing are made directly from the original
slides,
This is a considerably less time-consuming
process than the
photography method used in Part I.
Besides being more efficient, this method allowed more control
of the time allowed for diffusion,
Slides were dried within 20 to
24 hours after addition of the antiserum, thus keeping the diffusion
time constant.
CHARACTERISTIC

t

I

I

PATTERNS

Characteristic
cross-reaction
protein patterns, using immunoelectrophoresis,
are presented in schematic form to illustrate typical
patterns found when reacting chicken, mallard duck, raccoon, deer, and
bovine serum, dry blood extract and muscle extract to their homol~gous
antisera,
Solid lines represent arcs commonly found throughout the
study,
Dashed lines represent weak arcs or arcs not always observedo
Antiserum quality and titer had a marked effect upon the dashed-line
portion of these patterns (Figures 4-8). Characteristic
protein patterns
using immunoelectrophoresis
and immuno diffusion are presented in
Figure 9 (birds) and Figure 10 (mammals),
Patterns run in other

1
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laboratories may differ from ours due to several variables.
These
variables include polymorphism within a species, method of sample
collection, variability in the ability of various rabbits to produce
antiserum and actual antiserum titer.
Some physical parameters
affecting these patterns would include agar concentration, electrophoresis time, diffusion time, lab technique, etc.
Immunoelectrophoresis patterns are shown actual size, while immunodiffusion
patterns are 1 1/2 times normal size.
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a

c

b

d

Figure 4. Chicken serum (a), dry blood (b and c), and meat
(d) versus chicken antiserum.
(b) and (c) illustrate differences
in two lots of antiserum and possibly a difference in diffusion
times.
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b

a

c

Figure 5. Mallard duck serum (a),
dry blood (b), and meat (c) versus
mallard duck antiserum.
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b

c

Figure 8. Raccoon serum (a), dry
blood (b), and meat (c) versus raccoon
antiserum.
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